Abstract-New educational pedagogies are emerging in an effort to increase the number of new engineers available to enter the workforce in the coming years. One of the re-occurring themes in these pedagogies is some form of the flipped classroom. Often the additional classroom time gained from flipping is used to reinforce learning objectives. This paper suggests that it might be more beneficial to students if some of that time is used to address common non-cognitive barriers that prevent students from succeeding in the major. This experiment was conducted on a freshman Introductory Computer Science course with students whom are less traditionally prepared. Three different pedagogies were compared: a hybrid lecture-active learning pedagogy, a fully flipped classroom pedagogy, and a fully flipped classroom with added barrier interventions pedagogy. All three groups were in SCALE-UP classrooms. While fully flipping the classroom showed a slight increase to student progression over the hybrid classroom, it was not significant. When barrier interventions were added to address motivation and interest, opportunity, psychosocial skills, cognitive skills, and academic preparedness a significant increase in student progression occurred. This suggests that students might benefit from some classroom time being spent on non-technical skills.
I. INTRODUCTION (HEADING 1)
This country has an engineering crisis [1] - [3] . New educational practices are needed to increase the number of new engineers available to enter the workforce. Such practices generally fall into one of two categories: attempts to increase the number of students that enter engineering programs (recruiting efforts), or attempts to increase the percentage of students that graduate from engineering programs (retention/progression efforts).
Recruiting methods often include new groups of students with academic and cultural backgrounds that may not be as well served by pedagogies designed for the current 'typical' engineering student. If the pedagogy continues to primarily cater to the learning styles of the current student demographic, it should not be surprising that these underrepresented groups will fail to progress at a disproportionately high rate.
This research focuses on assessing the impact of inclassroom interventions to common barriers to success in STEM disciplines on the progression of students through the first course of a typical computer science/engineering curriculum. It compares the relative effectiveness of three pedagogies: a hybrid traditional-active learning environment that still uses approximately half the time for lecture, a flipped classroom environment, and a flipped classroom environment with interventions to address barriers to student success in a first year introductory computer science course.
II. BACKGROUND
For decades, there has been movement towards transforming classrooms from traditional lecture to more student-centered active learning [4] . One of the more currently popular in-classroom active learning methodologies is the socalled 'flipped' (or inverted) classroom [5] . In STEMM classrooms, where application is often an import objective, it is often straight-forward to fill the classroom time that has been freed from lecture with working problem. This research proposes that a portion of this 'additional' classroom time be used to specifically address common barriers to student success.
A. Possible Barriers to Student Success
Every group of students struggles against different sets of barriers to progression in their chosen program of study. For this study, we consider the general applicability of barriers initially identified as barriers to success for Students with Disabilities. The Ohio's STEM Ability Alliance program has demonstrated a 90% progression rate for students with disabilities participating in a set of extra-curricular interventions to overcome the set of identified barriers [6] . We hypothesize that many of the same barriers may impact other at-risk groups in the Computer Science and Engineering program. The five barriers addressed in our research methods are motivation and interest [7] - [9] , opportunity [10] - [12] , psychosocial skills [13] - [15] , cognitive skills [16] , and academic preparedness [17] - [19] . III. METHODOLOGY For this study, the majority of lectures were moved to prerecorded videos and reading assignments that can be watched by the students prior to class, freeing up classroom time for other activities. This project explores whether the additional class time can be used to address the five non-technical barriers discussed in section II.A. These barriers were addressed either directly or indirectly with classroom activities.
A. Course Structure
This experiment was run across multiple sections of the course and, with a limitation on available classroom space, some of the sections were taught in a Monday, Wednesday, Friday structure while others were taught in a Tuesday, Thursday course structure. However, the contact hours each week remained the same. Additionally, both the control group and the experimental groups in this study are using a Student Centered Active Learning Environment for Undergraduate Education (SCALE-UP) classroom environment [20] , but some were taught in a 36 person classroom and others were taught in a 54 person classroom. The larger room had a teaching assistant to compensate for the increase in the number of students. The students did not know in which style of pedagogy they were enrolling.
In addition to classroom time, the students from all sections were required to sign up for a mixed-section common lab experience that met twice a week for one hour each time. The students had common weekly labs (twelve total) and common projects that were due every two weeks (six total). These items made up the majority of the grade, and were graded by teaching assistants who did not know which pedagogy their students had for lecture.
B. Control Group Structure
The control group used a hybrid traditional-active learning structure. The students were assigned to read the textbook prior to coming to class. Then when they arrived at class, they would take a two to five point quiz (totaling 17 percent of the final grade).
After that, the instructor would spend approximately half the classroom time lecturing and half the classroom time completing classroom activities that improved technical skills. In addition to the labs and projects previously described in the course structure section, the students had two midterms and a final exam.
C. Experimental Group A
For Experimental Group A the lecture was moved to textbook reading assignments, giving more time for additional activities during the classroom time. The students were required to complete a take home quiz over the reading assignment. Focused videos (used in Experimental Group B) were available but not emphasized or required.
Once the students attended class, they would immediately jump into an activity. At the end of the week they would take a short quiz over that week's material. These pre-and postquizzes replaced the midterms. The students still had a final exam, labs, and projects.
D. Experimental Group B
To make additional time to include more activities and interventions, for Experimental Group B the lecture was moved to focus videos that the students watched before coming to class. The students were assigned to watch several short videos (normally less than 10 minutes long each) prior to attending each class. The total time assigned for videos was generally kept under 25 minutes per class period. Then once the students attended class, they would immediately jump into an activity. Some of these activities would simultaneously directly or indirectly address an identified barrier. For each barrier at least two interventions were implemented inside the classroom during the academic term. Each class session, students would be given a short quiz (approximately four multiple choice questions) testing them over the knowledge they had learned from the previous day's activities. These quizzes replaced the midterms. The students still had a final exam, labs, and projects.
E. The Barrier Activities
Below is examples of the types of barrier interventions that were used for Experimental Group B.
1) Motivation and Interest
To help keep students motivated and interested in computer science and engineering, time was spent defining computer science. Real world problems were used such as gene identification in bioinformatics, and simulating dice rolls for games. Different jobs within computer science and engineering were discussed. Additionally, the student projects were made more open ended, so the students had an opportunity to apply their skills and cultural competencies to problems that most interested them.
2) Opportunity
The students were made aware of job opportunities related to the course material and the required preparation for those careers. Also, while completing classroom activities, students had a chance to realistically compare themselves to their peers. The students were also informed about what would likely happen during the interview experience. They were given a chance to collaboratively develop the communication, technical, and professional skills within the classroom activities.
3) Psychosocial Skills
Some classroom time was spent address cognitive bias and cultural competency issues. Also classroom activities helped develop interpersonal interaction skills.
The previously mentioned interview preparations and realistic peer comparisons also could help overcome this barrier to student success.
4) Cognitive Skill
The classroom group activities worked as interventions to cognitive skills. The students worked in teams to improve communication. They were given problems to solve. They then had to discuss with their teammates different approaches and use reasoning to decide which method to implement. Additionally, they would get to compare and contrast their solution to other solutions, developing critical thinking skills.
5) Academic Preparation
The students were given the lectures as pre-recorded videos. This allowed students to pause, rewind, and re-watch the videos as needed. They were also given daily quizzes that tested the previous day's knowledge. This gave the students immediate feedback on how well they had learned the material, and gave them incentive to not fall behind, by waiting on an exam date to cram.
IV. RESULTS
The student performance of computer science and engineering majors was examined for this project. Students in Computer Science I (CS I) need an A, B, or C to progress on to the next course.
A. Experimental Group A
For Experimental Group A, CS I was flipped using textbook reading assignments, but no barrier interventions were consciously included for 56 students. Figure 1 shows a slight increase in progression rate (53% to 59%). However, this increase was not significant in a one-tail hypothesis test with a 95% confidence value. The resulting p value was 28.96%. Nevertheless, removing the lecture from the classroom did not appear to cause issues for the freshman students.
B. Experimental Group B
In Spring 2015 CS I was flipped using this model of barriers interventions for 28 students. CS I saw a significant increase with a 95% confidence in the number of students who passed the class at the level that they were able to progress to the next course in the sequence (ABC): 53% to 75% (Figure 1) . The p value for this test was 1.58%.
V. DISCUSSION
Removing the lecture showed some improvement but not enough to be significant. However, with the barrier interventions there was a significant improvement. The student progression rate increased by almost 50%. This increased progression was gained by decreasing withdraws, and the percentage of students receiving 'D' grades (See Figure 1) . There was also a slight decrease in the percentage of 'C' letter grades. The percentage of 'A' and 'B' grades both increased to account for the additional progression of students. The progression rate increase to 75% has a secondary interesting fact in how it relates to the Fall semester progression rates.
The traditional progression in CS I varies depending on the semester. The Fall semester generally outperforms the Spring semester as the students most academically well-prepared when entering college are advised to take the course in the Fall semester of their freshman year. The Spring semester tends to be a combination of students who were academically not prepared for the course in the Fall (and therefore had to take a prerequisite in the Fall before being admitted to the course for the Spring), students who dropped, failed, or withdrew Fall semester (DFW), students who switched majors, and nontraditional students. The difference between these two semesters is significant when tested with α of 5%. The resulting p value was 0.255%. The average progression rate for Fall semester is 68% while Spring semester is only 53%. The progression for Experimental Group B (flipped with barrier interventions) was 75% which is more typical of a Fall semester class even though it was completed in the Spring term.
VI. CONCLUSION A fully flipped classroom with barrier interventions, some of which addressed non-cognitive barriers, significantly increased progression rates in a first year Computer Science course for students that are not the 'traditionally prepared' students. When the classroom was fully flipped but did not have the barrier interventions an insignificant increase in progression rate occurred when compared to a hybrid traditional-active learning pedagogy. The progression rate for the fully flipped with barrier interventions pedagogy increased making a traditionally less prepared class perform at rates more in line with their well-prepared counterparts. Adjusting pedagogies may be an important step in sustained participation of new groups of students in Engineering, Computing, and Technology.
VII. LIMITATIONS
The results of the fully flipped classroom with barrier interventions showed promise with significantly increased progression rates. However, the sample size was limited to just 28 students. Additionally the barrier interventions were implemented as a package. At this time it cannot be stated which interventions were most impactful.
